Hexosamine is a normal component of serum mucoprotein and its level may be regarded as an index of total mucoprotein which includes a, , and y globulins, fibrinogen, "seroglycoid," and cseromucoid." Interest in seromucoids was greatly enhanced when it was found by West and Clarke (1938) and others that in acute and chronic infections, in malignancy, and in a number of endocrine disturbances, the hexosamine and inferentially the mucoid fractions increased above the normal range.
Raised serum hexosamine levels have been found in patients suffering from infection and disseminated malignant disease (West and Clarke, 1938 ; Weisbrod, 1950) , in rheumatic fever (Rosenberg and Schloss, 1949; Kelley, 1952) , in rheumatoid arthritis and asthma (Jimenez Diaz, Aguirre, and Arjona, 1953) , and in pneumonia (Nilsson, 1937; Faber, 1948) . The plasma hexosamine level also increases after extensive trauma (Schlamowitz, de Graff and Schubert, 1950; Boas and Peterman, 1953 ; West and Clarke, 1938) .
In this paper, a systematic study has been made of serum hexosamine levels both in normal people and in a wide range of pathological conditions, in order to determine whether the presence of a high serum hexosamine level could be used as an indication of certain pathological states.
Method
Although numerous modifications of the ElsonMorgan (1933) method for the estimation of hexosamine have been described (Palmer, Smyth, and Meyer, 1937; Blix, 1948; Johnston, Ogston, and Stainer, 1951; Boas, 1953) Solutions.-All solutions were prepared freshly on the day of use.
Ehrlich Reagent.-Recrystallized p-dimethylaminobenzaldehyde, 1.5 g., was dissolved in 75 ml. of 95% redistilled ethyl alcohol to which 25 ml. of concentrated HCI was then added and made up to a final volume of 500 ml. with 95% ethyl alcohol. This gives the optimum 5% concentration of acid recommended by Elson and Morgan (1933) .
Acetylacetone Solution.-Concentrated acetylacetone (B.D.H.), 2 ml., was diluted with 0.75N Na2CO3 to 50 ml. This guarantees a final pH for the condensation reaction of approximately 9.7.
Standard Glucosamine Hydrochloride Solution.-A stock solution of glucosamine hydrochloride (200 mg. glucosamine in 100 ml. of water) was used to prepare solutions containing 20, 40, 60, 80, 100, 120, and 140 mg. glucosamine per ml.
Determination of Hexosamine.-One millilitre of 4N HCl was added to 1 ml. serum and the sample hydrolysed in a boiling water bath for six hours.
After cooling, the sample was neutralized with 4N NaOH to pH 6.5 using "universal" indicator paper, then transferred by means of a pipette to a 20 ml. standard flask, the tube being washed with several lots of distilled water. It was then made up to a final volume of 20 ml. and filtered through Whatman No. 42 filter paper.
To 1 ml. of filtrate in a special pyrex test tube (8 in. x 3 in.) was added 1 ml. acetylacetone solution and the sides of the tube washed down with 1 ml. distilled water. The tube was stoppered with a longnecked sealed glass ampoule containing 2-3 ml. water. After heating 15 minutes in a boiling water bath, the rack of such tubes was transferred to an ice bath for 10 minutes.
Acetylacetone solution was also added to 1 ml. samples of suitable standard solutions and these tubes were heated at the same time as the unknowns. All the tubes were placed in the same metal rack so that they were simultaneously plunged and removed from the boiling water.
When cool, the tubes were removed to a wooden rack and 10 ml. Ehrlich solution added to each and then shaken.
A " blank " was treated similarly. After standing 30 minutes in the dark at room temperature, the colour intensity produced was read in a photoelectric colorimeter using a green filter. A standard curve was prepared and the concentration of the unknowns determined. This method does not differentiate between glucosamine and galactosamine: it gives the total hexosamine content of the hydrolysates.
Results The failure of the ingestion of food to affect the serum hexosamine level in three normal individuals is shown in Table I . group.bmj.com on September 6, 2017 -Published by http://jcp.bmj.com/ Downloaded from Normal Serum Hexosamine.-Normal serum hexosamine levels have been reported by a number of workers and cover a wide range (Table III) . Liver Disease.-Of 16 patients with liver disease, two had acute infectious hepatitis, eight chronic infectious hepatitis, and five cirrhosis due to nutritional causes. Normal values were obtained in all but two patients one with chronic infectious hepatitis who also showed lupus erythematosus cells in the blood (Mackay, Taft, and Cowling, 1956) , and the other a patient with nutritional cirrhosis of the liver.
Using the turbidimetric method of Kunkel, Ahrens, and Eisenmenger (1948) , the -y globulin content of the serum was determined in 15 of the patients with liver disease, but no close correlation could be shown between serum y globulin and the hexosamine levels in these patients (Fig. 2) As with the cases of liver disease, there was no close correlation between the hexosamine and y globulin content of the serum in 17 determinations carried out on nine patients (Fig. 3) . This is not in agreement with Boas and Reiner (1951) , who claimed that the serum hexosamine in systemic lupus erythematosus was a reasonable index of the amount of circulating y globulin in these patients.
Diabetes Mellitus.-The serum hexosamine level was determined in 32 patients suffering from diabetes mellitus of varying degrees of severity. Eighteen of the patients had values above the upper range of normal, the highest value being 166 mg.%. Raised values were present in both old and young diabetics, and irrespective of whether the control of the diabetes with insulin had been good or poor. This is in keeping with the findings of Taft, Finckh, and Joske (1954) which suggested that the lesions of the Kimmelstiel-Wilson syndrome would occur irrespective of whether there is efficient insulin therapy. Taft et al. (1954) used needle biopsies of the kidney in their studies.
In the present survey, 12 of the 26 diabetic patients in whom renal disease was not evident as reason of abnormal globulin production, but the histopathology is suggestive of a lymphocytic iad raised serum hexosamine. However, only neoplasia, either chronic lymphatic leukaemia or of the six patients with diabetic renal disease lymphosarcoma. It has been suggested (Mackay, irmed by renal biopsy had raised serum hexos -Taft, and Woods, 1957 ) that the basic process te values. may, in fact, be a lymphosarcoma with macrosukaemnia.-ln six patients with chronic lym-globulin synthesis, the result of a somatic mutaic leukaemia and in two with chronic myeloid tion in the tumour cell line. Occasionally, howaemia, there was only a slight rise in the ever, macroglobulinaemia is associated with other samine level. The highest values, 129, 133, types of neoplasm, and the condition may even 136 mg.l%, were in patients with chronic exist in the absence of any apparent disease pro-)hatic leukaemia.
cess (Laurell, Laurell and Waldenstrom, 1957 (Rimington, 1931 (Rimington, , 1940  mg.%. Similar increases have been reported Mehl, Humphrey, and Winzler, 1949; Smith, other workers (Greenspan, Lehman, Graff, Brown, Weimer, and Winzler, 1950; Schmid, Schoenbach, 1951; West and Clarke, 1938; 1953) . It is also a component of various globulin 3nez Diaz et al., 1953; Faber, 1948) .
fractions (Blix, Tiselius, and Svensson, 1941 ; Boas 'heumatoid Arthritis.-Only one of the nine and Reiner, 1951 ; Boas, 1955; Werner, 1951) . In ents with rheumatoid arthritis had a serum the present investigation, the level for serum hexosDsamine level within the normal range. The amine was found to be between 80 and 124 mg. % In average value was 160 mg.% and the range in 45 normal individuals, and this agrees with -193 mg. 0/. This agrees with the previous values reported in the literature (Faber, 1948;  , 1937; Rosenberg and Schloss, 1949; Berkman, Rifkin, and Ross, 1953; Jim6nez Diaz et al., 1953) . The serum hexosamine level remained constant over a period of several weeks, and was not significantly altered by food.
Pancreatitis, peptic ulcer, and liver disease had no effect on the serum hexosamine level which was, however, significantly increased in those diseases associated with bacterial infection and tissue proliferation. Thus moderately raised values were obtained in patients with pneumonia and tuberculosis and the height of the increase corresponded to the severity of the disease. Increased values were also obtained in patients with systemic lupus erythematosus, but no correlation could be found in these patients between the y globulin and serum hexosamine level as reported by Boas and Reiner (1951) . The same lack of correlation with 'y globulin was found in the patients with liver disease.
Raised serum hexosamine values were obtained in approximately 50% of patients with diabetes mellitus. The high values were in patients with renal disease and in 12 of the 28 patients without renal disease. The nature of diabetic renal disease remains obscure. Abnormal protein material, which may line endothelial surfaces and infiltrate blood vessel walls, is deposited in the kidney. The staining properties of this material suggest that it contains protein, polysaccharide, and some lipid. It would seem that in some cases of diabetes mellitus there is an underlying metabolic defect involving hexosamine metabolism which produces an increase in mucoprotein in the blood and its deposition in the kidney. It is not yet known whether the deposition comes first and causes the renal damage or whether there is a preexisting renal damage. Raised hexosamine values were obtained in both young and old diabetics and irrespective of whether the control of the diabetes with insulin and diet had been good or poor. Similar findings were obtained by Taft et al. (1954) in their needle biopsy study of renal lesions in the Kimmelstiel-Wilson syndrome.
Isotope studies in animals indicated that the mucosubstances of the body are in a continuous state of turnover (Schiller, Mathews, Jefferson, Ludowieg, and Dorfman, 1954; Schiller and Dorfman, 1955) .
The biosynthesis of mucosubstances has considerable importance in pathological conditions, particularly those where extensive proliferation of cells occurs. Human and animal synovial membrane grown in tissue culture produced hyaluronic acid (Kling, Levine, and Wise, 1955: Grossfeld, Meyer, and Godman, 1955) , a hexosamine-containing mucopolysaccharide which is the main constituent of the ground substance of connective tissue (Meyer and Rapport, 1951 Increased synthesis of mucopolysaccharides in the ground substance of connective tissue in rheumatoid arthritis could account for the high serum hexosamine values obtained in the patients with this disease and for the pain and stiffness of the joints. As cortisone will inhibit connective tissue formation (Layton, 1951a (Layton, , 1951b , this may be responsible for the improvement in patients with rheumatoid arthritis when treated with this compound.
The highest values for serum hexosamine obtained in this study were in patients suffering from macroglobulinaemia as opposed to normal values in leukaemia. In macroglobulinaemia there is a synthesis of abnormal serum globulins, macroglobulins, which are probably elaborated by the reticulo-endothelial plasmacyte system (Mackay. Eriksen, Motulsky, and Volwiler, 1956) . Summary (1) The determination of the hexosamine level of serum is an index of its total mucoprotein content.
(2) The range for serum hexosamine in 45 normal individuals was found to be 80-124 mg.% with a mean average value of 101.5 mg.% +11 mg.%.
(3) Ingestion of food did not alter serum hexosamine levels, which remained constant over a period of weeks as shown by random sampling in normal controls.
(4) The serum hexosamine level was normal in cases of peptic ulcer, pancreatitis, liver disease, and leukaemia.
(5) It was moderately raised in active infections such as tuberculosis, pneumonia, and bacterial endocarditis. 
